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(71) We, UNION CARBIDE COR- 
PORATION, a corporation organized and 
existing under the laws of the State of New 
York, United States of America, of 270 Park 
Avenue, New York, State of New York 10017, 
United States of America, (assignee of 
LEONARD SIDNEY SINGER and IRWI1 
CHARLES LEWIS); c?o hereby declare the - 
■invention, 'for which we pray that a patent may ~~ 
be granted io us, and the method by which* it 
is.. to be performed, to be particularly des- 
cribed in and by *he following statement: — 

This invention relates to a process for pro- 
ducing a graphite body, *uch as a graphite elec- 
trode, having a very low longitudinal coeffi- 
cient of thermal expansion. 

Graphite shapes having low <x>cf?.cients of 
thermal expansion, such as graphite electrodes, 
are generally prepared by adiniking an oriented 
20 coke with a tnennoolasrjc carbonbsir.g binder, 
such as a coal t£r pitch or a petroleum pitch, 
extruding or molding the resulting mixture into 
a desired shape, and then carbonizing and 
gtaphitizing the shaped article to produce a 
25 graphite body. The oriented coke employed in 
such process fe ordinarily prcductd by the car- 
bonization of a selected feedstock In a delayed 
coker. Although the shaped graphite articles 
produced in this manner have low coefficients 
30 of thermal expansion, means for further reduc- 
ing -he coefficients of thermal expansion of such 
graphite articles have been constantly sought so 
as to improve the performance of these articles 
in the high temperature surroundings in 
35 which they are employed. 

Graphite shapes can also be . produced as 
described by Grindsraff c: a|. in U.S. patent 
3,7S7,541 by hearing a hydrocarbon feed for a 
time sufficient to form a pitch containing at 
40 least 75 per cent miSDphEse, extruding the 
mixture in:o a dj&sxred shape, and rhen enr- 
bor.b'ng .and gr* phi ri zing the shaped body. 
However, b^rh hi^h temperatures and pres- 
sures ere required to evtrude lcr^c bodies by 
4$ this technique, and up^r. graphirWlinn such 



bodies, like graphite bodies produced by con- 
ventional techniques, have higher than desired 
coefficients . of thermal expansion. 

In accordance with the present invention 
there ispr ovided a process for produring _flL 
-granrTtr^Bo^y having a longit udinal cc*rncicnt_ 
of thermal expansion of less, t han 0.1 x 
~T0~-y q C- vmich comprises extruding, an • 
orygen-Iree atmosphere, a carbonaceous pitch 
having a mesophase content of at least 40 
percent by weight into a shaped body having 
pitch molecules preferentially aliened along 
ics length, said pitch being one which under 
quiescent conditions forms a bulk mesophssc 
having large coalesced domains in excess of 
one bundred microns; heating the shaped body 
In an oxidizing atmosphere at a temperature 
sufficiently elevated and for a time sufficiently 
prolonged to thercioset the body to an extent 
which will allow it. to maintain its shape upon 
heating to more elevated- temperatures; and 
then further heating the tbcrmoset body in an 
oxygen-free atmosphere to a temperature suf- 
ficiently elevated tt> prouuee a hlghlv oriented 
coke; admixing said oriented coke which has an 
aspect ratio cf at least 2:1 with a thermo- 
plastics carbonizablc binder so as to form a 
mixture containing from 50 per cent fey weight 
to 80 per cent by weight of said coke and from 
20 per cent by weight to 50 per cent by weight 
binder; extruding the resulting mixture into 
a desired shaped article; and then carboniz- 
ing and graphicizing the shaped article to pro- 
duce a graphite body. 

Mesophase pitches are pitches which have 
been transformed, in whole or in pjrr, to a 
liquid crystal or so-called "mesophase" state. 
Such pitches by nature contain easily oriented 
molecules, and when th«c pitches arc ex- 
truded, spurt > or calcndtrcd into a desired 
shape, the pitch molecules are preferentially 
aligned along the Icn^h of the shaped body 
(with grain or parallel to the direction of the 
elongation). When the shaped body is thcrmo- 
set and then heated in an oxygens-free r.imos- 



MfiR-16-1999 15:56 FROM UCPR 



TO 



917327147760 P. 017/022 



1,526,809 





phere to a caibon!»ng temperature, a highly 
oriented coke is obtained. If this coke 3s then, 
admixed with a thermoplastic carbonizable 
binder, and the mixture extruded into a de- 
sired shape which !s -ui turn carbonized and, 
graphicLsed, the resulting body has a longi- 
tudinal (with grain) coefficient of thermal ex- 
pansion which is lover than that of like shapes 
prepared in the same manner from an identical 
binder and coke produced from the same pre- 
cursor pitch by conventional delayed coking 
techniques. The longitudinal (with.grain) cp- ... 
efdeients cf thermal expansion of such shapes 
at room tsTHperature have been found to be 
less than 0.1 x l(y- 4 /°C and, in some 
4nnances7"tcrhave7 a negative value approach- . 
ing the dn -plane value of single crystal graphite 
( -U x i(r°/ o a), *.g<> as low as -0.7.x 
1O"*/ 0 C Such low cnerBcienr* of thermal ex- 
pansion have never been, observed heretofore 
in fabricated graphite bodies. 

When natural or>ynthetic pitches having an 
aromatic base arc Heated under quiescent con- 
ditions at a temperature of 350°C— SO0°C, * 
either at constant temperature or with 
gradually increasing temperature, small in- 
soluble liquid spheres begin to appear in the 
pitch which gradually increase In sac as hcat- 
m* fc continued. When examined by electron 
difoaction and polarized light techniques, these 
spheres are shown to. consist of layers of 
orierued mdlefcuks aligned in the sarne^direc- • 
tlon. As these spheres continue to grow in sac 
a.s heating fa continued, they come in contact 
with one another and gradually coalesce vnth 
each other to produce larger masse? of aligned 
layers. As opalescence continues, domains of 
aligned mo'ccutes much larger man those of 
*be original spheres are formed. These domains 
come together to form a bulk ' mesophase 
wherein Cl* transition from one oriented 
do:nain *> another sometimes occurs srnooihly 
and continuously through gradually curving 
lamellae and sometimes through more sharply 
curving lamellae. The differences in orienta- 
tion between the domains create a complex 
array of polarized light extinction contours w 
.the hoik mcsophasc corresponding to various 
types of lijiear discontinuity in molecular 
50 alignment. The ultimate sire of the oriented 
domains produced is dependent upon the vis- 
cosity, and the rate of increase of the vis- 
cosivy, of the mesophase from which they are 
formed, which, in turn are dependent upon the 
particular pitch and the. heating rate. I n cer- 
*in pitcheC domains having «*« m ex-cess of 
2e hundred microns and as large as seven 
thousand microns are pmduccd. In other 
pit the viscosity of die «"«^ " 
That only limited coalesce and structural re- 
vmvL«c of layers nwir, so due tha ulti- 
mate domain siae do** nor «>:ceci one hundred 

*The%*hIy oriented, optically anisotropic, 
63 insoluble material produced by treating pitches 
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in this manner has been given the term "raeso- 
phase", and pitches containing such material 
are known as "mesophase pitches". Such 
pitches, when heated above their softening 
pointSj are mixtures of two immiscible liquids, 
one the optically anisotropic, oriented meso- 
phase portion* and the other the isotropic non- 
mesophase portion. The term "mesophase" Is 
derived from .the Greek "mesos" or "inter- 
mediate" and indicates the pseudocn^talkne 
nature of this highly-oriented, optically aniso- 
tropic material. 

Carbonaceous pitches having a mesophase 
coRTent of at least 40 per cent by weight are 
suitable for processing into shaped oriented 
bodies which can be thermcset and carbonized 
to produce highly oriented coke suitable for 
use in the present invention. In order to ob- 
tain the desired product from such pitch, how- 
ever, the xnesophase contained therein must, 
under quiescent conditions, form a, bulk meso- 
phase having large coalesced domains, i.e.,' 
domains of aligned molecules in excess of one 
hundred microns- Pitches which form stringy 
bulk mesophase under quiescent conditions, 
having araaJi oriented domains, rather than 
large coalesced domains, arc unsuitable. Such 
pitches form mesophase having a high viscosity 
which undergoes only limited coalescence, in- 
sufficient to produce large coalesced domains 
having sizes in excess of one huridced microns. 
Instead, small oriented domains of meso- 
phase agglomerate to produce dumps or 
" stringy masses wherein the ultimate domain 
size does not esceed one hundred microns. Cer- 
tain pitches which polymerize very rapidly are 
of this type. 

Carbonaceous pitches having a mesophase 
content of at least 40 per cent by weight can 
be produced in accordance with known tech- 
niques by heating a carbonaceous pitch in an 
inert atmosphere at a temperature above 
350°C for a time sufficient to produce the 
desired quantity of mesophase. By an inert 
atmosphere is meant an atmosphere which does 
not react with the pitch under the heating 
conditions employed, such as nitrogen, argon, 
xenon or helium. The hearing period required 
to produce the ! desired mesophase content 
varies with the particular pitch and tempera- 
ture employed, with longer heating periods re- 
quired at lower .temperatures than at higher 
temperatures. At' 3 50* G, the minimum tem- 
perature generally required to produce meso- 
phase, at least one week of heating is usually 
necessary to produce a mesophase content of 
about 40 per cent- At temperatures of from 
400°C. to 450°C., conversion to mesophase 
prvceeds more rapidly, and a 50 per cent meso- 
ptase content can usually be produced at such 
u*eip<!raruTes within about I — 40 hours. Such 
temperatures are preferred for thU reason. 
Tempcreturcs above 50O*C arc undesirable, 
and heating at this temperature should not be 
employed for more than about 5 minutes to 
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avoid conversion of the pitch to coke. 

The degree to which the pirch has been con- 
verted to mesophase can readily be determined 
by polarized light micio'copy and solubility 
examinations. Except for certain non-meso- 
phase insolubles present in the original pitch 
or which, in some instances,, develop on hear- 
ing, the non-mesophasc portion of the piich is 
readily soluble in organic solvents such as 
quifloliae and pyridine, while the mesophase 
portion is essentially Insoluble. * l) In the case, 
of pitches" which do not* develop non-meso- 
phasc insoluble* when heated, the insoluble 
content of the heat treated pitch over and 
above the insoluble anient of the pitch before 
it has been heat treated correspond* essentially 
to the mesophase content* In the case oi 
pitches which do develop noa-crjescphase in- 
solubles when heated, the insoluble content of 
the heat-treated pitch over and above the in- 
soluble content of the pitch before it has been 
teat treated Is not solely due to the conversion 
of the pitch to mesophase, but also represents 
non-mesophase insolubles which are produced 
along with the mesophase during the heat treat- 
ment The presence or absence of racsophase 
can be visually observed by polarized light 
microscopy examination, of the pitch (see, e.g., 
Brooks, J. D., and Taylor, G- H"7 "TheTor- 
macion of" Some Graphinring Carbons/' 
Chf.rrtittty end Physics of Carbon, Vol. 4, Mar- 
cel Dekfcer, Inc., New York, 1968, pp. 243™ 
268; and Dubois, J» Agache, C, and White, 
J. L.j 'The Carbonaceous Mesophase Formed 
in the Pyrolyri* of Graphitizable Organic 
rVkcerials'% Metallography J, pp. 337—369, 
1970). The amounts of such masophase may 
also be visually estimated in this manner. 

Aromatic base carbonaceotts pitches having 
a CKxbon content of from 92 per cent by weight _ 
to 96 per cent by weight and a hydrogen con- pois es to 200 poises are, suitable for fiber" 
teat of from 4 per cent by weight to S per cenx^SlMin^JW jen exausiofl techniques are cm- 
by weight axe generally suitable for produ c- ^oyed/ jhe^juicA^^ & viscosity or " 95 

* 444 • ^ ' from 100 p oisT 



tng mesophase pities which can be empIoyebT . . _____ 

to produce rhe highly oriented bodies suitable ties in the ran geoTffom 200 poiscT tolO^OO g 
for use in the present invention. Petroleum poises arc suitable 'for caier , dcri n g -ofTnc pitch. 



meriac very rapidly when heated and fail to 
develop large coalesced domains of meso- 
phase, and arc, therefore, not suitabic pre- 
cursor materials. 

After the desired mesophase pitch has been 
prepared j it is continuously processed jmo a 
shaped body using the conventional techniques 
of extrusion, spinning, or calendering. In order 
to prevent oxidation of the pitch, it should be 
shaped in an oxygen-free atmosphere, such 
as the inert atmosphere* described above. 
Rods, bars, filaments, and sheets of oriented 
pitch having a diameter or thickness of up to 
about one mm., or more, can be conveniendy 
prepared in this manner. As noted above, how- 
ever, in order to obtain oriented bodies which 
can be thcrmciet and carbonized to produce 
highly oriented coke, the pitch employed must, 
under quiescent conditions, form a bulk meso- 
phase having large coalesced domains. 

The temperature at which the pitch is 
shaped depends, of course, upon the tempera- 
ture at which the pitch exhibits a suitable 
viscosiry, and at which the rugher-rnelring 
mesophasct portion of the pitch can be* easily 
deformed and oriented. Since the softening 
temperature of the pitch, and its viscosity at a 
given temperature, increases as the mesophase 
. content of the pitch increases, the mesophase 
content should not be permitted to rise to a 
point which raises the softening point of the 
pitch to excessive levels. For this reason, 
pitches having a mesophase content of 
more than 90 per cent are generally not em- 
ployed. Pitches having a mesophase content 
of from 40 per cent by weight to 90 per cent 
by weight, can be readily shaped at tempera- 
tores at which they exhibit a viscosity of from 
10 poises to 10,000 poises, usually at from 
310*G to 450 6 C. Viscosidcs. of from 10 
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pitch and coal tar pitch are preferred start- 
ing materials. Petroleum pitch can be derived 
from rhe thermal or catalytic cracking of petro- 
leum fractions. Coal tar pirch is similarly ob- 
tained by the destructive distillation of coal. 
Some pitches, such as fiuoramhenc pitch, poly- 



<"» The percent af quinoline _ insoluble* (Q.I.) 
of a given pitch is determined by quinolinc 
extraction at 75°C The per cent of pyridine 
insoluble* (P.l.) is determined by^ Soxhiet 



The shaped bodies produced in this manner 
are highly oriented materials having a high dc- 100 
gree of preferred orientation of their molecules 
parallel to the direction of me elongation (with 
grain), as shown by their X-ray diffraction 
patterns. This preferred orientation is apparent 
from the short arcs which constitute the (002) 105 
band of the diffraction panerns, Micredensi- 
tomcter scanning of the (002) bands of the 
expend X-ray film indicate this preferred 
orientation to be generally from 20* to 35*, 
•illy from 7.5* to 30' (expressed as the full- 1 10 



The insoluble concent of ihe onvcnied pitch 
:s general!/ less than 1 F^ 1 " cent (except for 
certain ccal car dflfec*) n:ii consists targely of 
coke and carbol^Bick found in ihc original 
pitch. 



intensity ciismDuttOaj. 

The shaded body produced in this manner 
is then beared, in an oxidising atmosphere for 
a timo KiirTicicnj^krh^iwsec rhe body t an 115 
extent which wr^Pow the hody to maintain 
\t\ shape upon heating 10 more elevated wm- 
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peratures. The oxidizing atmosphere may be 
pure oxygen, nitric oxide, or any other appro- 
priate oxidizing atmosphere. Most convent- 
endy, air is employed as the oxidizing atmos- 

Ph The time required to thermoses the shaped 
bodies of the invention will, of course, vary 
with such factors as the particular oxidizing 
atmosphere/ *he temperature employed, the 
dimension* of the bodies, the particular pitch 
from which the bedie* axe shaped, arid the 
iTtesSphase content of such pitch. Generally, 
however, thermosetting of such bodies can be 
effected La ^relatively short periods of time, 
usually in from 5 minutes to 120 minutes. 

The temperature employed to effect thsnrio- 
seeting of these bodies must; of course, not 
exceed their softening temperatures. The maxi- 
mum temperature which can be employed will 
thus depend upon the particular pitch from 
which the bodies were shaped, and the mescH 
phase content of such pitch. The higher the 
mesouhase content of the body, the higher will 
be its softening temperature, and the higher 
the temperature which car, be employed to 
etfect thermosetting. At higher temperatures, 
of course, thennosetting can be effected in less 
rime than is possible at lower temperatures. 
Bodies having lower mesopnase content, cn 
the other hand, require relatively longer. heat 
treacment at somewhat lower temperatures. 

A rrunirriurri temperature of at least 250 
t 3 generally necessary to effectively thcrmo- 
sct the shaped bodies produced in accordance 
with the- invention. Temperatures m excess oi 
400°C may cause melting and/or excessive 
burn-off of the bodies and should be av«ded. 
Preferably, temperatures of from 275 C. to 
390° C. are employed. At such temperatures, 
the required amount of thermosctdng can 
usually be effected within from 5 minutes to 
120 minutes. # . 

After ahe shaped body of the invention has 
been thermos** as required, it is further heated 
to a carbonizing temperature. Ac a tempera- 
ture of about 1000°C, bodies having a carbon 
content greater than 9S per cent by weigh 
are obtained. At temperatures m excess of 
1500° C, these bodies arc essentially completely 
catbonfced. Such heating should be OT ndac<cd 
in an oxygen-free atmosphere .such as die inert 
atmospheres described above, to prevent fur- 
ther oxidation of the body. Because these 
bodies have been lifaiMiMd, they are capable 
of being carbonized free of support. 

In order to ensure that me ex P ui«on .of 
voUriles from the bodies during carbonization 
docs not occur so «nj*l1y as to disrupt the 
s^ctures thereof, the fceiun* rate must be 
trolled so that ^faAwnoi; doe, no 
proceed at an evet-ive rate. Partwiihf car. 
hvjs: be taken in healing mc j^d;es to a tern, 
of 5WC ^hile very dun 

Uics eg., fiber; or "\J<™^ 
65 ii—lS microns in diainclct or ihicUr.es.>, vun 



be heated to- about 500°C. fairly rapidly, e.g. 
in about 5 iriimitts, larger bodies of about i 
mm. diameter or tirickness require longer 
heating schedules. e.g., from 8 hours to 20 
hours' After the initial expulsion of volatile 
up to about 500 P C. has been completed, the 
bodies may be heated to their final carbonizmg 
temperature, usually in the range of from 
9C0°C to 1500°C., and usually within from 5 
minutes 13 10 hours. 

The coke bodies produced tn this manner 
have a highly oriented structure characterized 
by the presence of carbon eryscal&es preferen- 
tially aligned --along the lengths of the bodies 
( with. gi«tm«GT paralld to the direction or 
ekmeaucn),as shown by the short arcs which 
constitute the (002) band of their X-ray dif- 
fraction patterns. Microdensltometer scarfing 
of the (002), band of the exposed X-ray film 
indicates the i preferred orietitarion parameter 
(FWHM) of-'ooke carbonized to about 
1000°C to be less *an 45°, usually from 30° 
to 40*. Coke" carbonized to about 1500°C has 
a higher degree of preferred raenteuon, \f* 
a preferred orientation parameter (FwHM) 
of from 20° to 30°. Further improvement in 
the degree of preferred orientation is obtained 
by hearing the coke at still higher tcmpera- 
tures. If 5eshxd, such eoke may be heated, as 
described hereinbefore, to a gmphitizuig tem- 
perature in a range of from 2500°C to 
3300*C ■ . 

The oriented coke produced in this manner 
is ther. admixed with a thermoplastic car- 
bontaable binder to form a mixture which li- 
chen extruded into a desired shape which Is in 
*um enrboniied and graphitized, in accordance 
with conventional techniques. The coke may 
be crushed or sized to facilitate admixture 
with the caxbonixable binder; however, care 
should be takca to maintain the aspect ratio of 
the coke at at least 2:1 (by aspect tario of the 
coke is cveantthe ratio of the with grain dimen- 
sion to the against grain dimension). The 
gra phrtizad shapes prepared in this manner 
have been found to have longitudinal (with 
gTain) coefficients of thermal expansion which 
are Jower than those of like shapes prepared 
in the same manner from an identical binder 
and coke produced from the same precursor 
pitch by conventional delayed coking tech- 
niques. Typically, the longitudinal (with grain) 
coefhbents of thetmal expansion of such shapes 
at room temperature have ken found to be. 
less than 0.1 y,lO^/°C, and, in some in- 
stances to have a negative value approaching 
the in-plane value of single crystal graphite, 
e.g., as low as -0.7 * 10-V'C. Ctfnventiona 
graphiie shapes tvpically have longitudinal 
(*virh <rr?At\) coefficients <"»( Thermal expansion 
of t«iwe«n 0.5 y 10 :u;tl 1.0 -a 10-7 e C. 
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The crushed or si^cd coke should cd- 
mixed with a thermopile carbonixable aro- 
matic binder, ?i«h as coal tar pitch or r-ctro- 
leum pitch, m an nmotmt ^liucient to funn n 
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mixture containing from 50 per cent by weight 
lo 80 per cent by weight coke and from 20 
per cent by weight to 50 per cent by weight 
binder. Preferably, such mixture contains from 
5, S5 per cent by weight to 75 per cent by weight 
coke 2nd from 25 per cent by weight to 45 
per cent by weight binder. :After a Substan- 
tia] ly homogeneous mixture his been obtained, 
the mixture is extruded into a desired shape by 
10 meansof an auger extruder. or other conven- 
tional technique. Temperatures of from I00 a C 
to 200*C. f prererably'from UC°C to 150°C, 
are generally employed, depending, of course, 
upon the temperature at which the mixture 
15 CKhibits a suitable viscosity- J^- 

Carbonuatncn of the shaped article may be 
effected by heating the article in a substantially 
oxygen-free atmosphere to a" temperature suf- 
ficienrly elevated to expel volatiles and reduce 
20 the binder to z carbon residue which perma- 
nently binds the aggregate body. A carboniza- 
tion temperature of about 1000*C is generally 
cfTective to drive off most of the volatile mat- 
ter and produce a body having a carbon content 
25 greater than 9S per cent by weight, arid at 
temperatures in excess of 15O0 fl G, and body 
is essentially completely carbonized The article 
should be heated gradually, of course, so as to 
expel the volatile* ar a rate which will not rup- 
30 turn the structure. The time required to effect 
carbonization without rupturing the structure 
will, of course* depend upon the tempera- 
ture and thickness of the article, with periods ' 
of from 10 hours to SCO hours being sufficient 
3S for roost structures. A graphirized body i3 pro- 
duced by further heating at rempcraturcs of 
from 2500°C to 3300*C, preferably from 
2800*0 to 3000*C Residence tunes of from 
I minute to 240 minutes a*e usually sufficient, 
40 The following examples ,<are set forth for 
purposes of illustration so that those skilled in 
the art may better understand the invention. 
It should be understood that they are exem- 
plary only, and should not be construed as 
45 limiting the invention in any manner. All co- 
efficient of thermal expansion values set forth 
in the examples and tnroughout the specifica- 
tion are room temperature values- 

. EXAMPLE-;. 

50 A commercial petroleum pitch was employed 
to produce a pitch having nmesophase content 
of abouc 57 per cent by weight, 'fne precursor 
pitch had a density of 124 g./cc.> a softening 
temperature of 120°C, and contained 0.5 per 

55 cent by weight quinoKne jnsolubles (Q.J. was 
deccrmmcd by <ruinoline cxtractipr, at 75°C). 
Chemical analysis stowed a carbon content of 
93.3%, a hydrogen content of 5.63%, a sulfur 
content of 1.0% and 0157, ash. 

&J The raesophasc pitch formed coalesced 
mesophasc domains under quiescent conditions 
2nd was produced by heating the precursor 
petroleum pitch at a temperature of about 
400 Q C for ah ut 15 hours under a nitrogen 



atmosphere. After heating, the pitch contained 65 
57 per cent by weight pyridine imolublcs, in- 
dicating mat the pitch had a mesophase content 
of close to 57 per cent (P.I. was determined 
by Soxhler extraction :n boiling pyridine). 

A poracn of this pitch was spun continuously 70 
into fiber about 15 microns in diameter at a 
temperature of 390*C. under a nitrogen atmos- 
phere. Part of this fiber was then heated in an 
air-draft furnace to a temperature of 275°C 
over a period of about one hour, where the 75 
temperature was maintained for about one more 
hour so as to- thermoset the fiber* Abouc 300 
grams of the thermoset fiber was then cut into 
one-inch lengths which were placed in Pyrex 
(R.T.M.) beakee and heated in a sagger to a 80 
temperature of 5G0*C. at a rate of 60°C per 
hour, held at this temperature for 3 hours, and 
<rhen. cooled to room temperature. The' fibers 
were then removed from the beaker and re- 
heated in a graphite crucible to a temperature 85 
of 1000°C at a rate of 60°C per hour, where 
the temperature was . maintained for 5 more 
hours. Oxygen was excluded during beating 
of the fibers to 500°C and IQOO'C 

The fibers calcined in this manner were then 90 
milled to produce a flour consisting of par- 
ticlea with lengths up to about 200 microns. ' 
JChc.-rnakd--fto m wa, blended wkh-a 11Q P C »— - 

softening point coal tar pitch in a ratio of 10 Q — 

partrbjrwetgnc ot flour to 80 parts T b y^weight--95 

^-i^— .^ZF^ CCfU w «gkc fiour"and 45 
per cent by weagfit binder). The resulting mix- 
ture was then placed in an auger extruder, the 
chamber of the extruder was evacuated, and 
the mixture was extruded into a rod 2 centi- 100 
meters in diameter at a temperature of about 
120*C employing* an exarusion pressure of 
between 100 p«, and 200 psi. 

The extruded rod was then heated in a 
sagger co a temperature of 100O*C. at a rate 105 
of 60° C per hour and held ax mis temperature 
for 2 hours, and then further heated to a tem- 
perature of 3000°C over a period of about 

1 hour* and maintained at that tmpemture for 

2 hours. 110 
The rod produced in this manner was found 

to have a longitudinal (with grain) coefficient 
of thermal expansion of- -0.67 x 10-°/°C 
Evaluations were made from samples having 
dimensions of 1 cm. x 2 cm. x 127 cm., which 1 15 
had been cut with the grain of the rod. 

On the other hand* a rod produced from 
the same binder pitch and vnke produced from 
the same precursor pirch as the coke pro- 
duced from the same precursor pitch as the 120 
coke produced in accordance with the abov\: 
description, but in a conventional manner, 
was found to have a longitudinal (with grain) 
coefficient of thermM expansion of 0 67 x 
lO-V'C 125 

EXAMPLE 2. 
A portion of <he mcsophase pitch described 
in Example 1 was extruded continuously 
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through c spiunercttc containing 128 4-mil 
diameter holes ar a temperature of about- 
370*G, under a nitrogen atmosphere, to pro- 
duce filtments 50 to 85 microns la diameter. 
5 Parr of these filaments were spread into a -thin 
layer and passed through an air-draft furnace 
sac at 380°C The residence time of the fila- 
ments in the furnace was about 5 minutes. 
About 300 grams of the thermosa filaments 

10 having lengths of from about 1 — J rams, was 
placed in a Pvrex beaker end heated in a sag- 
. ger to exclude oxygen to a temperature of 
500*C. at-a rate of 60 B C. per hour, held at 
this temperature for 3 hours, and then cooled 

15 to room temperature. The filaments were then 
removed from the beaker and reheated, oxy- 
gen again being excluded, in a graphite cru- 
cible to a teaipenture of 1000°C. at a rate of 
60°C. per hour, where the temperature was 

20 maintained for 5 more hours. 

The filaments calcined in this manner were 
then blended with a 110 e C softening point 
coal car pirch la a ratio of 100 parts by weight 
of filaments to 51 parts by weight of pitch 

25 (6$ per cent by weight filaments and 34 
per cent by weight binder). The resulting 
mixture was then placed in an auger extruder, 
the chamber of the extruder was evacuated, 
and the mixoire was extruded into a rod 2 

30 centimeters in diameter at a temperature of 
about 120°C employing an extrusion pressure . 
cf about 340 psi. 

The exmiriffi rod was then heated in a sag- 
ger to a temperature of J000 p C at a rats cf 

35 '60 9 C per hour and held at this temperature 
for 2 hours, and then further heated to a tem- 
perature of 3000 C C over a period of about 1 
hour, and maintained at that temperature for 
• 2 hours. 

40 The rod produced in this manner was found 
to have a longitudinal (with gram') coefficient 
of thermal expansion jrf -0.14 * 1Q~*/°C 
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Evaluations were made from samples having 
dimensions of 1 cm, « 2 cm. x 12J cm., which 
had been cut with the grain of the rod. 

On the other hand, a rod produced from the 
same binder pitch and coke produced from 
the same precursor pitch as the coke produced 
in accordance with .the above description, but 
in a conventional manner, was found to have 
a longitudinal (with grain) coefficient of ther- 
mal expansion of 0.67 x 10-7'C. 

EXAMPLE 3. 

A commercial coal .tar pitch was employed 
to produce a pitch having a mesophasr. content 
of about 55 per cent by weight. The precursor 
pitch had a density .of 1.28 g./cc., a softening 
temperature of 113°C, and contained 0.7 per 
cent by weight quinoline insoluble* (Q.I. was 
doJerrnined by quin-')Iir.3 extraction at 75°C). 
Qu;mical analysis showed a carbon content of 
^ 8y c , a hydrogen content of. 4.70%, a sul- 
fur content of 0.4%, ar.d 0.007% ash. 

The ffietfoph&»c pitch svas produced by he.it • 



{ng the precursor coal tar pitch at a tempera- 
ture of about 400°C_ for about 18 hours under 
a nitrogen amv>sphert Afrer heating, the 
pitch contained 55 per ccot by weight pyridine 
insolubles, indicaung that the pitch had a meso- 
phase content of close to 55 per cent {P.I. was 70 
determined by Soxhlet detraction in boiling 
pyridine). 

A portion of this pitch was spun continuously 
into fiber about 15 microns b diameter at a 
temperature of 400* C under a nitrogen atmos- ' 75 
pherc. Pint of this fiber was then heated in an 
air-draft furnace to a tempera cure of 275 °C. 
over a period of about one hour, where the 
temperature, was maintained for about one 
more hour so. as to thennoset the fiber. About 80 
300 grams of the thennoset fiber was then cut 
into one-indi lengths which were placed in a . 
Pyxex beaker and heated in a sagger to exclude 
oxygen to a'temperatum of 500° C. ar a rate 
of 60*C per hour, held at this temperature 85 
for 3 hours, and. then cooled to room tempera- 
ture. The fibers were then removed from the 
beaker and refceAted in a graphite crudble to 
a temperature of 1000° C at a race of 60°C 
per hour, oxygen being excluded, where the 90 
temperature wa? maintained for 5 more hours. 

The fiber caldned in ihis manner was then 
milled to produce a flour consisting of par- 
ticles with lengths up to about 200 microns. 
The milled flour was Wended with a 110°C 95 
softening point coal tar pirch in a ratio of 
100 parts by weight of flour to 40 parts by 
. weight of pitch (71 per cent by weight flour 
and 29 per cent by weight binder). The result- 
ing mixture was then placed in an auger ex- 1Q0 
Jrurfer, the chamber of die extruder was eya- 
coated,. ,and the mixture was extruded into a 
rod 2 centimeters in diameter at a tempera- 
ture of about 120° C employing an extrusion 
pressure of between 440 psi. and 460 psi, 105 
The extruded rod was then heated in a sag- 
~~ger co a temperature of 1000* C. at a rate of 
60°C. per hour and held at this temperature 
for 2 hours, and then further heated to a tem- 
perature of 3000° C over a period of about 1 110 
hour, and maintained at that temperature for 
2 hours. 

The rod produced in this manner was found 
to have a longiaidinal (with grain) coefficient 
of thermal expansion of 0.06 x 10^/°C 115 
Evaluations were made from samples having 
dimensions of 1 cm. x 2 cm. x 12.7 cm, which 
had been cut with the grain of the rod. 

On the other hand, a rod produced from the 
same binder pitch and coke produced from the 120 
same precursor pitch as the coke produced in 
accordance with (ho above description, but in 
a conventional manner, was found to have a 
longitudinal (with grain) coefficient of thermal 
cxpaii.;ion of 0.52 x I0 '7°C. j25 

Reference Is hereby nuidt; under section 9 
of the Pa tents Act 194V to U.K. Patent No. 
1,2(55,552 which describes and claims a pro- 
ws*; for the production of shaped carbon 
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articles which comprises the following steps: — 

a) melt spinning ft pitch-like substance to 
fofm fibres, 

b) rendering the said fibres infusible by hear- 
ing them, the heating being carried out, at 
least initially in an oxidising atmosphere, 

c) mixing the infusible pitch fibres with a car- 
bonisabte binder, 

d) shaping the mixture to produce an article 
of the desired shape, and 

" e) hearing {he shaped article to carbonise the 
Article. 

WHAT WE CLAIM IS:— 
1. A process for producing a graphite body 
having a longitudinal coefficient of thermal ex- 
pansion of less ih an_J).I:x lO^/jC. w hich 
-comprises extruding, in an o*ygen-free atmos- 
phere, a carbonaceous pitch having a raeso- 
phase consent of at least '40 per cent by weight 
ante a shaped body having pitch molecules pre- 
ferentially aligned along its Jengih, said pitch 
being one which under quiescent conditions 
forms a bulk, mesophase having large coalesced 
domains in excess of one hundred microns; 
heating the shaped body in an oxidizing 
atmosphere at a temperature sufficiently ek- 
. vated and for a time surociauiy prolonged to 
dierrnoset the body to an extent which will 
allow it to maintain its shape upon hearing to 
more elevated temperatures; and then further 
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heating the thcrmosa body in an oxygen- free 
atmosphere to a temperature sufficiently ele- 
vated 10 produce a highly oriented coke; 
admixing said oriented coke which has on 
aspect ratio of at least 2:1 with a thermo- 
plastics carbonizable binder so as to form a 
mixture containing from 50 per cent by weight 
to 80 per cent by weight of said coke and 
from 20 per cent by weight to 50 per cent by 
weight binder; extruding the resulting mixture 40 
into a desired shaped article; and then car- 
bonising and gcaphitizing the shaped article 
to produce a graphite body. 

2. A process as in claim 1 wherein the 
oxidizing atmosphere employed to thermoses 
the shaped body is air. 

3. A process for producing graphite bodies, 
as claimed in claim 1 and substantially as here- 
inbefore described according to Example I 
or Example II or Example III. 

4. A process as claimed in claim 1 and sub- 
stantially as hereinbefore particularly des- 
cribed. 

5. A graphite body when produced accord- 
ing to a process as claimed in any of claims 
1 to 4. 
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